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Pinyu Chen: The Influence of Isometric Strength Specificity on Functional Task Abilities 
(Under the direction of Eric Ryan) 
 
Single-joint measurements of leg extension strength may not reflect the biomechanical and 
neuromuscular specificity of functional tasks.  The purpose was to determine if multi-joint, leg 
press assessments of muscle strength is more strongly associated with functional [i.e., stair climb 
assessment (SC), countermovement vertical jump test (CMJ), and star excursion balance tests 
(SEBT)] task performance than single-joint measures of leg extension strength. Forty-one 
participants performed isometric leg extension and leg press strength testing and completed the 
SC, CMJ, and SEBT.  Pearson’s product moment correlation coefficients showed significant 
relationships (P < 0.05) between absolute and normalized strength with SC time (r = -0.519 – -
0.599) and CMJ height (r = 0.526 – 0.735), average power (r = 0.383 – 0.817), and average velocity 
(r = 0.428 – 0.451),  but not SEBT distanced reached.  Steiger Z analyses demonstrated no 
significant difference (P  0.141) between the relationships of the measures of strength and each 
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Muscle strength is the maximum amount of force or torque that a muscle can produce 
during a single contraction.1  Muscle strength is one of the most commonly examined measures of 
function, as previous authors have suggested it is associated with mortality, the ability to perform 
activities of daily living, and athletic performance.2–7  For example, declines in quadriceps and 
grip strength in both men and women are strongly associated with mortality, with women 
exhibiting a slightly higher association.5,6  In a group of healthy men between 45-68 years, grip 
strength can also predict the development of functional limitations and disability 25 years later.3  
Furthermore, previous studies have indicated that muscle strength is significantly associated with 
the ability to perform activities of daily living (e.g. walking, ascending stairs, or avoiding falls).2–
4,8,9  Previous authors have demonstrated that weaker older adults have an increased risk of having 
functional task deficiencies with activities, such as walking 0.8 km or walking up 10 steps, and a 
dependency on others.3  Lastly, muscle strength is considered to be an important predictor of 
performance in various athletic settings, particularly for sports that rely on high levels of velocity, 
speed, and power.7,10   
Muscle strength has traditionally been measured in the laboratory using single-joint 
isometric dynamometers during maximal voluntary contractions.11–13  Many previous studies have 
demonstrated that these isometric strength assessments are reliable for a number of muscle groups 
in both healthy and clinical populations.14–18 Furthermore, these measures are commonly used to 
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evaluate the influence of exercise training interventions19,20, detraining21, dietary habits22, and 
clinical conditions23,24 on muscle strength.   
While single-joint assessments of muscle strength allow for sensitive and accurate 
measurements of muscle function, they may not necessarily reflect the biomechanical and 
neuromuscular specificity of activities of daily living and functional tasks.25  Recently, previous 
studies have suggested that strength measured during multi-joint movements, such as isometric 
squats, are associated with activities of daily living.26–28  Specifically, various measures of 
explosive strength (i.e., rate of torque development at 0-50 ms of force-time curve (RTD50) and 
rate of torque development at 0-200 ms of force-time curve (RTD200)) measured during a multi-
joint isometric squat at 90 of knee flexion more strongly predicted performance in the 10m and 
400m walk than the single-joint strength test.28  Another study reported correlations between the 
explosive force produced during an isometric squat and performance during a 5m sprint, 20m 
sprint, and a countermovement jump.26  In addition, peak torque measured through the isometric 
squat was moderately correlated with 10m and 400m walk performance.28  
The overall purpose of this study is to determine if a novel, multi-joint, isometric leg press 
assessment of muscle strength is more strongly associated with functional (i.e., star excursion 
balance test, vertical jump test) and occupational (i.e., weighted stair climb assessment) task 
performance when compared to traditional single-joint measures (i.e. leg extension) of lower 
extremity isometric strength.  These findings would assist researchers in identifying the most 






Traditional measurements of muscle strength (e.g. single joint leg extension) may not reflect the 
biomechanical and neuromuscular specificity seen in many functional tasks.  Multi-joint strength 
assessments may overcome these limitations and be more strongly associated with activities of 
daily living and measures of performance.  These findings will be critical to future researchers 
when identifying strength measurements that are most closely related to more functionally relevant 
tasks.     
 
Research Question 
Are multi-joint isometric leg press measures of strength more strongly associated with functional 
measures of performance than a traditional single-joint assessment of isometric leg-extension 
muscle strength?  
 
Research Hypothesis 
It is hypothesized that the multi-joint strength assessment will be more strongly associated with 
functional measures of performance than the single-joint strength assessment. 
a. The multi-joint strength assessment will be more strongly associated with 
countermovement vertical jump performance than the single-joint strength assessment.  
b. The multi-joint strength assessment will be more strongly associated with weighted stair 
climb performance than the single-joint strength assessment.  
c. The multi-joint strength assessment will be more strongly associated with performance in 








The role of strength on health and performance 
 
García-Hermoso, Cavero-Redondo, Ramírez-Vélez, Ruiz, Ortega, Lee, and Martínez-Vizcaíno 
(Archives of Physical Medicine and Rehabilitation 2018) 
Through the use of a systematic review and meta-analysis, the purposes of this study were 
to determine the role of the handgrip strength test and other measures of muscular strength (e.g. 
leg extension strength) on all-cause mortality risk and determine the sex-specific impacts of 
strength on all-cause mortality.  Key words such as ‘muscular’ or ‘strength’ and ‘mortality’ or 
‘survival rate’ or ‘cause of death’ were systematically searched in MEDLINE, EMBASE, and 
SPORTDiscus databases.  To be included in the meta-analysis, the study had to have 1) used a 
validated strength assessment; 2) had all-cause mortality risk assessed with hazard ratios as a main 
outcome; 3) healthy youth and adult participants; 4) been a prospective cohort study.  A total of 
38 and 33 studies were included in the systematic review and meta-analysis, respectively.  The 
pooled hazard ratio of all-cause mortality for low versus high muscular strength was 0.69 when 
examined by handgrip or leg extension strength tests.  Hazard ratio of all-cause mortality was 0.86 
when examined with the leg extension test.  When examined with handgrip strength, the hazard 
ratios of all-cause mortality by sex were 0.69 for men and 0.60 for women.  When examined with 
leg extension strength, the hazard ratios of all-cause mortality by sex were 0.79 for men and 0.62 
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for women.  In summary, when examined with the handgrip strength test, adults with higher 
muscular strength had 31% lower risk of all-cause mortality when compared to adults with lower 
muscular strength, therefore, muscle strength was considered to be a risk factor for all-cause 
mortality in adults.  High muscle strength in women appeared to have a stronger influence on 
mortality when compared to men.  While both lower and upper limb muscle strength were 
associated with mortality, declines of strength in the lower limb had a stronger relationship with 
mortality.29 
 
Leong, Teo, Rangarajan, Lopez-Jaramillo, Avezum, Orlandini, Seron, Ahmed, Rosengren, 
Kelishadi, Rahman, Swaminathan, Iqbal, Gupta, Lear, Oguz, Yusoff, Zatonska, Chifamba, 
Igumbor, Mohan, Anjana, Gu, Li, and Yusuf (Lancet 2015) 
 The purpose of this study was to determine the association of grip strength with all-cause 
and cardiovascular mortality in socioculturally and economically (high-income, middle-income, 
and low-income) diverse countries.  Countries were stratified according to their income levels 
based on data from the World Bank.  Household eligibility for participation was based on having 
at least one member of the family that was between the ages of 35-70 years and an intent to stay 
at the same address for the next 4 years.  One household member was initially given a self-report 
questionnaire on demographics, cardiovascular risk factors, comorbid disorders, and personal 
habits.  Baseline handgrip strength data were measured on both hands through the use of a Jamar 
dynamometer or calculated through a linear regression of non-dominant and dominant handgrip 
strength.  Follow-ups about vital status were annually done in person or through phone calls.  An 
inverse relationship between grip strength and all-cause mortality as well as cardiovascular 
mortality was consistent for both sexes.  However, there was no association between grip strength 
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and injuries from falls.  The hazard ratio per standard deviation reduction in grip strength was 1.37 
for mortality and 1.45 for cardiovascular-related mortality.  In summary, while grip strength served 
as a predictor for both cardiovascular mortality as well as non-cardiovascular mortality, it had a 
stronger association with cardiovascular mortality.  Among those that developed cardiovascular or 
non-cardiovascular diseases, individuals that possessed low grip strength were at a higher risk of 
morbidity from the disease.30 
 
Avlund, Schroll, Davidsen, Løvborg, and Rantanen (Scandinavian Journal of Medicine & Science 
in Sports 1994) 
 The purpose of this study was to determine the influence of muscle strength on the 
functional ability of 75-year-old males and females to perform activities of daily living.  The ability 
to perform activities, such as walking outdoors in nice weather or managing stairs, was assessed 
through two dimensions: with or without being tired afterwards and with or without help.  The 
results of the activities were broken down into five functional ability scales, which included 
mobility dependence, mobility tiredness, and activities of daily living dependence.  Maximal 
isometric strength assessments for hand grip, knee extension, and arm flexion were all performed 
on the dominant hand side using a dynamometer chair while trunk flexion and extension strength 
were measured through a dynamometer while standing up.  When compared to females, males 
performed significantly better in the muscle strength assessments and had better functional ability.  
In addition, the influence of each strength assessment on functional ability was analyzed since 
there was a significant association between most strength assessments and functional ability scales.  
Upper and lower extremity muscle strength were not able to differentiate between the functional 
ability of abled and disabled individuals in performing upper and lower limb functional tasks, 
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respectively.  However, a lack of trunk extension strength indicated an increased dependence in 
activities of daily living and mobility function as well as increased tiredness in mobility function.  
In summary, hand grip, knee extension, body extension, and arm flexion strength all influenced 
functional ability.4 
 
Suchomel, Nimphius, and Stone (Sports Medicine 2016) 
 The purposes of this systematic review were to determine how muscle strength influences 
different aspects of athletic performance and the potential benefits of greater muscular strength.   
Key words such as ‘maximum strength and jumping’ or ‘maximum strength and power’ were 
entered into PubMed, Medline (EBSCO), Google Scholar, and other search engines for articles 
related to muscular strength, with an emphasis on literature about isometric or dynamic strength.  
Sport performance is highly dependent on high rates of force development and high external 
mechanical power, with data indicating that different levels of external mechanical power can 
determine the playing abilities of an athlete. The rate of force development and external 
mechanical power values in athletes were both related to muscle strength and can be positively 
influenced by training programs. Studies indicated that stronger individuals had greater power 
values than their weaker counterparts.  In addition, muscle strength had a positive relationship with 
jump height, with stronger individuals having different force-time curves than weaker individuals.  
In summary, stronger individuals perform better in tasks associated with strength-power and 




Functional task performances  
 
Hertel, Braham, Hale, and Olmsted-Kramer (Journal of Orthopaedic and Sports Physical Therapy 
2006) 
 The purposes of this study were to reduce the number of star excursion balance test reach 
directions needed to detect balance deficits and to determine the relationships between the 
performance in each of the eight directions of the balance test.  A total of 48 subjects with chronic 
ankle stability and 39 subjects without chronic ankle stability participated in the study.   Subjects 
from both groups performed three trials in all eight directions (anterolateral, anterior, anteromedial, 
medial, posteromedial, posterior, posterolateral, and lateral) of the star-excursion balance test, with 
the distance reached measured in centimeters.  The distanced reached was normalized to each 
subject’s leg length and the mean of all three trials was used for statistical analysis.  Preliminary 
findings of the study indicated that the posteromedial reach direction was the strongest predictor 
of star-excursion balance test performance in individuals with and without chronic ankle instability 
and there was redundancy between the performance in each of the eight reach directions.  In 
summary, the anteromedial, medial, and posteromedial reach directions were sensitive to 
differences in functional abilities in individuals with and without chronic ankle stability, which 
suggest that not all eight reach directions are needed to assess functional deficits.31 
 
Kleinberg, Ryan, Tweedell, Barnette, and Wagoner (Journal of Strength and Conditioning 
Research 2016) 
 The purpose of this study was to determine the influence of quadriceps muscle size (cross-
sectional area) and quality (echo intensity) on stair-climb performance in career firefighters.  
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Forty-six male career (full-time) firefighters between the ages of 24 to 50 years volunteered to be 
in this study.  Ultrasound images were taken at 50% of the length of the right limb (when measured 
from greater trochanter to femoral condyle).  The time firefighters took to ascend and descend a 
set of stairs (26 steps) four times while wearing a 22.73 kg vest (to simulate the weight of 
firefighter protective equipment) was recorded.  A partial correlation analysis performed to 
account for age and Body Mass Index revealed that muscle cross-sectional area (r = -0. 324) and 
echo intensity (r = 0.413) were significantly associated with stair-climb time.  In addition, a 
stepwise regression analysis revealed that muscle cross sectional area and echo intensity 
significantly predicted stair-climb performance (r= 0.560).  The significant negative relationship 
between echo intensity and stair climb performance might be because of an increase in fat or 
fibrous tissue in the muscle.  In summary, both muscle size and quality were significantly 
associated with stair-climb performance and accounted for 31% of the variance in stair-climb 
performance.32 
 
Fatouros, Jamurtas, Leontsini, Taxildaris, Aggelousis, Kostopoulos, and Buckenmeyer (Journal 
of Strength and Conditioning Research 2000)   
 The purpose of this study was to determine the effect of a 12-week plyometric, weight 
training, or combined training program on vertical jump performance variables (leg power, jump 
height) and leg strength.  Forty-one male, healthy, and untrained individuals participated in this 
study.  The vertical jump test was completed through the stand and reach test, with jump height 
measured in centimeters through a vertical jump board and mechanical power measured through 
the Vertical Jump Test by Bosco.  For both vertical jump height and power, there was a significant 
increase in mean values from pre- to post-training for all three training groups, however, there was 
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no significant difference found within the control group.  For example, in the plyometric training 
group, pre-training vertical jump height was 52.9  2.4 cm (mean  SD) and 58.9  2.3 cm post-
training.  In the weight training group, pre-training vertical jump height was 58.1  1.4 cm and 
63.5  1.8 cm post-training.  In the plyometric and weight training group, pre-training vertical 
jump height was 58.8  3.0 cm and 67.4  2.8 cm post-training.  In the control group, vertical jump 
height was initially 54.5  1.5 cm and 54.9  1.9 cm when post-tested.  In summary, the primary 
results indicated plyometric training was effective in improving various aspects of vertical jump 
performance, but it was more effective when plyometric training was combined with weight 
training to focus on developing strength as well as power output.33 
 
 
Factors that influence muscle strength 
 
Aagaard, Dyhre-Poulsen, Simonsen, Andersen, Leffers, Wagner, and Halkjaer-Kristensen 
(Journal of Physiology 2001) 
 The purposes of this study were to determine the relationship between anatomical cross-
sectional area and muscle volume as well as the changes in physiological cross-sectional area of 
individual muscle fibers and fiber pennation angle as a result of heavy-resistance strength training.  
Eleven male subjects volunteered to complete 14 weeks of progressive heavy-resistance strength 
training as well as muscle measurements.  Vastus lateralis fiber pennation angle was examined 
through the use of ultrasound images.  Physiological muscle fiber area was analyzed through 
ATPase-stained sections of the vastus lateralis from needle biopsies.  Anatomical cross-sectional 
area and volume were determined through weighted axial MR images taken at multiple intervals 
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of the muscle length.  Maximal voluntary contractions of the knee extensors were measured 
through a dynamometer and the highest recorded value was used in the analyses.  From pre- to 
post-training, there was an increase in vastus lateralis muscle fiber pennation angle (35.5  8.3 % 
change), increase in physiological muscle fiber cross-sectional area (15.5  5.1% change), increase 
in anatomical cross-sectional area (10.2  2.2% ), increase in muscle volume (10.3  2.2% ), and 
increase in maximal muscle strength (16.2  3.0% ).  The disproportionate changes in anatomical 
cross-sectional area and physiological muscle fiber cross-sectional area may be explained by the 
increase in muscle fiber pennation angle.  Despite the fact that the two measurements did not have 
any associations with each other after, the changes in values from resistance training were 
correlated.  In summary, after 14 weeks of resistance training, the increase in pennation angle of 
the quadriceps muscle led to a higher increase in physiological muscle cross-sectional area and 
maximal strength then anatomical cross-sectional area and volume.34  
 
Maganaris, Baltzopoulos, Ball, and Sargeant (Journal of Applied Physiology 2001) 
 The purpose of this study was to compare the specific tensions of the soleus and tibialis 
anterior as calculated through the use of muscle-specific joint moments and in vivo contraction-
specific musculoskeletal geometry measurements with specific tensions calculated through net 
resultant joint moments and resting-state/cadaveric musculoskeletal geometry data.  Six healthy 
men volunteered to be in this study.  In order to calculate specific tension, the following 
measurements were taken: joint moment, moment arm length, fascicular length. and pennation 
angle, and muscle volume in order to calculate tendon force, muscle force, and physiological cross-
sectional area.  The data was divided into data set A and B, for in vivo musculoskeletal geometry 
and cadaveric musculoskeletal geometry, respectively.  There was a difference between data set A 
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and B for all of the measured parameters except muscle volume, which consequently led to a 
difference in the calculated values.  When compared to data set A, data set B overestimated both 
Achilles and tibialis anterior tendon forces by 39% and 189%, respectively.  Soleus and tibialis 
anterior muscle forces were respectively 13% and 175% larger in data set B than data set A.  Soleus 
physiological cross-sectional area was overestimated by 63% and underestimated by 36% for the 
tibialis anterior when data set B was used.  The specific tension for the soleus was underestimated 
by 31% and overestimated by 325% for the tibialis anterior when calculated by data set B and 
compared to data set A.  There was no significant difference found between the specific tension of 
the soleus and tibialis anterior when calculated through data set A, however, there was a six-fold 
difference between the two muscles when calculated through data set B.  In summary, muscle 
strength can be accurately estimated from measurements through in vivo conditions.35 
 
Stebbings, Morse, Williams, and Day (Muscle Nerve 2014) 
 The purpose of this study was to determine the relationship between different 
measurements of muscle strength and size and whether some of the measurements were more 
useful than others in determining inter-individual differences.  Seventy-three healthy men 
volunteered to participate in this study.  Maximum voluntary contractions of the leg extensors and 
flexors were performed on an isokinetic dynamometer.  Muscle architecture and volume of the 
vastus lateralis were obtained through ultrasound images taken at 50% of the. muscle length.  
Moment arm length of the patellar tendon was measured through a dual energy X-ray 
absorptiometry scanner.  Regression analysis showed a significant relationship between vastus 
lateralis anatomical cross-sectional area and isometric knee extension torque (r2 = 0.57), vastus 
lateralis physiological cross-sectional area and vastus lateralis fascicle force (r2 = 0.68), and 
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physiological cross-sectional area and stature (r2 = 0.674).  There was no significant difference in 
the relationship between vastus lateralis anatomical cross-sectional area and isometric knee 
extension torque and the relationship between vastus lateralis physiological cross-sectional area 
and vastus lateralis fascicle force.  In summary, there is inter-individual variability in muscle 
specific force and isometric maximum voluntary contraction torque; fascicle force and 
physiological cross-sectional area provide a more stringent measurement of muscle size and 
strength.36 
 
McPhee, Cameron, Maden-Wilkinson, Piasecki, Yap, Jones, and Degens (Journal of Gerontology 
– Series A Biological Sciences and Medical Sciences 2018) 
 The purpose of this study was to determine how maximum leg extension torque was 
influenced by muscle size and specific force.  Forty older and 31 younger female adults 
volunteered to participate in this study, and the older subjects came back for a five-year follow-up.  
Maximum voluntary contractions as well as voluntary activation of the leg extensors were 
measured through the use of an isometric dynamometer.  Fascicle length and pennation angle for 
the quadriceps were determined through ultrasound images, while muscle biopsies were used to 
estimate fiber cross-sectional area as well as fiber amounts in the vastus lateralis.  When compared 
to the young subjects, the maximum voluntary contraction torque, peak patella tendon force, and 
quadriceps physiological cross-sectional area were 37%, 39%, and 25% lower in the older subjects.  
After the 5-year follow-up, the older subjects had a 12% reduction in torque.   There were no 
significant differences found in the type I fiber cross-sectional area between the younger and older 
participants, however, the older subjects had 26% lower fiber cross-sectional area in type II fibers 
than the younger subjects.  The vastus lateralis physiological cross-sectional area in the older 
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population was 28% smaller than the young subjects.  In summary, the main reason for the 
difference in strength between the younger and older subjects was because of the 28% difference 
in muscle mass between the younger and older subjects.37 
 
 
Multi- vs single-joint strength assessments 
 
Tillin, Pain, and Folland (Journal of Sports Science 2012) 
 The purpose of this study was to determine the how absolute and normalized force time-
curves during isometric squats relate to sprint and jump performance.  Eighteen rugby union 
players volunteered to be in this study and completed 26 m sprints as well as countermovement 
jumps.  The time taken to pass the 5m and 20 m marks of the sprint were recorded. Peak power 
and maximum jump height from the countermovement jumps were measured.  The greatest peak 
vertical ground reaction force during the isometric squats was recorded as the absolute maximal 
force and corrected to factor in body mass (relative maximal force).  There was a correlation 
between jump height and absolute maximal force (r = 0.48) but not with relative maximal force.  
Jump height was significantly positively correlated to squat absolute maximal force at 100, 150, 
200, and 250 ms (r = 0.51, r = 0.61, r = 0.57, and r = 0.51, respectively).  Both the 5 m and 20 m 
sprint times were significantly negatively correlated with relative squat maximal force at 100 ms 
(r = -0.63 and r = -0.54, respectively).  In summary, there are clear associations between the 




Nuzzo, McBride, Cormie, and McCaulley (Journal of Strength and Conditioning Research 2008) 
 The purpose of this study was to determine the relationships between countermovement 
vertical jumps and strength as measured through multi-joint isometric and dynamic strength tests.  
Twelve Division I-AA male athletes volunteered to participate in this study.  The dynamic strength 
tests included 1 repetition maximum during the squat and power clean. The rate of force 
development and peak force during an isometric mid-thigh pull and maximal isometric squat were 
recorded.  Variables from the countermovement vertical jump tests were recorded through a force 
place and linear position transducer.  There was a significant correlation between isometric squat 
peak force, squat 1RM, and power clean 1RM with countermovement vertical jump peak force (r 
= 0.639, 0.791, and 0.840, respectively).  There was no significant correlation between isometric 
mid-thigh pulls peak and countermovement vertical jump peak force (r= 0.538).  
Countermovement vertical jump peak power had a significant correlation with isometric squat 
peak force, isometric mid-thigh pulls peak force, squat 1RM, and power clean 1RM (r = 0.706, 
0.750, 0.836, and 0.856, respectively).  However, all the measures of absolute strength had no 
significant correlations with countermovement vertical jump peak velocity and height.  In 
summary, relative measures of strength measured through multi-joint strength tests were better 
correlated with countermovement jump performance than absolute measures of strength.27 
 
Thompson, Whitson, Sobolewski, and Stock (International Journal of Sports Medicine 2018) 
 The purpose of this study was to determine how knee joint angle or single versus multi-
joint strength tests influence the maximal strength and rapid strength output measured in the lower 
limbs.  Twenty young, healthy and 18 elderly, healthy participants volunteered to be in this study 
and completed the testing protocol.   Participants were instructed to perform countermovement 
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vertical jumps, and the jump height was recorded.  They were also instructed to walk as fast as 
they can to complete a 10 m and 400 m walk, and the time taken to complete the task was recorded.  
Maximal voluntary contractions of the leg flexors and extensors were performed on the single-
joint dynamometer at 90, 60, and 20 of knee flexion.  Maximal voluntary contractions while 
squatting was performed on an isokinetic squat machine.  Analysis of variance revealed that the 
single-joint strength test had significantly lower peak torque for the 20 angle when compared to 
the 60 and 90 angles (154.1  42.9, 198.7  58.3, 188.8  62.2 Nm for the 20, 60, and 90 
angles, respectively).   For the multi-joint strength test, the peak torque for 20 and 60 of knee 
flexion was greater than the 90 angle (627.4  245.8, 558.3  202.3, 446.7  158.0 Nm for the 
20, 60, and 90 angles, respectively).  Pearson’s product-moment correlation coefficients 
analysis was done between the strength variables and jump and walk performance.  RTD50 and 
RTD200 for the multi-joint strength test at 90 best predicted 10 m walk time, and the 
countermovement jump height best predicted 400 m walk time (r = -0.73 and -0.81, respectively).  
In summary, there was a strong, significant correlation for maximal strength as measured through 
20, 60, and 90 joint angles on the multi- and single-joint strength tests and the time taken to 
complete both the 10 m and 400 m walk.28  
 
Wilson, Lyttle, Ostrowski, and Murphy (Journal of Strength and Conditioning Research 1995) 
 The purpose of this study was to determine the relationship between the maximal force and 
rate of force development produced during isometric and concentric contractions with sprint 
performance.  Fifteen male athletes volunteered to participate in this study.  Time taken to 
complete an indoor maximal 30 m sprint was recorded.  Participants stood on a force plate while 
performing isometric and concentric squats at both 110 and 150 of knee flexion.  Pearson’s 
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product-moment correlation coefficients were used to analyze the relationships between sprint 
performance and the various strength variables.  The only statistically significant relationship was 
the concentric force produced at 150 of leg flexion at 30 ms of the squat and sprint performance 
(r = -0.616).  In summary, there is a poor relationship between force-time variables during 
isometric strength tests with sprint performance, however, concentric strength tests were 
determined to be more correlated with sprint performance.38   
 
Brownstein, Ansdell, Škarabot, Frazer, Kidgell, Howatson, Goodall, and Thomas (Experimental 
Physiology 2018) 
 The purpose of this study was to determine the relationship between the corticospinal and 
intracortical activity of the leg extension and isometric squats.  Eleven young, male adults 
volunteered to participate in this study.  Participants performed maximal voluntary contractions 
during isometric knee extensions and isometric squats.  Transcranial magnetic stimulations were 
applied to the motor cortex, and percutaneous stimulations were applied to the right femoral nerve.  
Short-interval cortical inhibition in the vastus lateralis (70  14, 63  12% in the vastus lateralis 
for isometric squat and knee extension, respectively) and rectus femoris (58  19, 71  19% in the 
rectus femoris for isometric squat and knee extension, respectively) was similar between the 
isometric squat and knee extension trial.  There were similar intraclass correlation coefficient (ICC) 
values for Motor Evoked Potential /Mmax between the isometric squat and knee extension in both 
the vastus lateralis and rectus femoris at 25%, 50%, 75% and 100% maximum voluntary 
contraction (MVC).  At 25% MVC, the ICC for the vastus lateralis was 0.15 (0.00-0.58) and 0.34 
(0.00-0.74) for the rectus femoris.  Despite the similar ICC values, there was a wide range of ICC 
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values, ranging from poor to poor-to-good.  In summary, the intracortical and corticospinal activity 




 Muscular strength is an important component of health and performance with many 
previous studies showing it influences mortality, disability, the ability to perform activities of daily 
living, and athletic performance in populations of all ages.4,10,29,30  A number of factors influence 
muscle strength which include skeletal muscle size (e.g. muscle volume), composition (non-
contractile tissue accumulation), muscle architecture (fascicle length and pennation angle), 
activation, co-activation, and moment arm length.34,37,39–46  Muscle strength can be measured 
through a variety of assessments, with one of the most common laboratory based assessment being 
a single-joint assessment on a calibrated dynamometer.28,35,36  However, multi-joint assessments 
have been suggested to better reflect the biomechanical and neuromuscular specificity of activities 
of daily living than single-joint assessments.25–28,38  Limited data exists comparing single- and 












Forty-one healthy men and women (mean ± SD: age = 24 ± 5 years, BMI = 23.1 ± 3.1 
kg/m2) that participate in less than one hour of consistent aerobic exercise per week and has not 
participated in lower-body resistance training within the past three months volunteered for this 
investigation.  All demographic data are represented in Table 1.  Participants were free of 
neuromuscular, metabolic, renal, and/or cardiovascular disorders, recent injuries to the lower 
extremities (≤ 6 months), and have not had any lower extremity surgeries.  Female participants 
were required to be eumenorrheic for at least 6 months.  
 
Experimental Design 
Protocol: Each participant visited the Neuromuscular Assessment Laboratory on three 
separate occasions around the same time of day (±2 hrs), separated by about 2-7 days between the 
first and second visit and 2-5 days between the second and third visit.  On visit one, participants 
came in for a familiarization session and completed the following tasks: 1) read, understood, and 
signed an informed consent form, 2) filled out a health history questionnaire, 3) had their height 
and body mass assessed, and 4) performed the single- and multi-joint isometric muscle strength 
assessments.  To determine the dominant leg to be used for performing the maximum voluntary 
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contractions (MVCs), participants were asked what leg they would use to kick a soccer ball.47  
Prior to data collection, the female participants were asked to undergo a pregnancy test.  For all 
strength assessments and functional tasks, the participants received thorough instructions prior to 
undergoing the testing.  For visit one and visit two, they were asked to abide by the following pre-
testing guidelines: arrive eight hours fasted, abstain from alcohol, tobacco, and exercise within 24 
hours of testing, and avoid caffeine consumption within eight hours of testing.  They were given a 
standardized meal (Carnation Breakfast Essentials High Protein Nutritional Drink 8 fl oz, Nestlé 
Healthcare Nutrition Inc., Florham Park, NJ) upon arrival.  During visit two, participants 
performed the multi-joint isometric muscle strength assessment with the same protocol and leg 
press settings as visit one, followed by the weighted stair climb assessment.  On visit three, 
participants performed the single-joint isometric muscle strength assessment with the same 
protocol and chair settings as visit one.  The participants then performed the countermovement 
vertical jump test and star-excursion balance test. 
 
Single-joint Isometric Strength Testing 
 Leg extension peak torque (Nm) was measured during an isometric MVC while 
participants were seated in a calibrated isometric dynamometer (HUMAC NORM, Computer 
Sports Medicine Inc., Stoughton, MA) in accordance with the manufacturer instructions.  Their 
dominant leg was secured to the padded lever arm through Velcro straps and placed approximately 
5 cm above the medial and lateral malleolus.  The limb was extended to 60 below the horizontal 
plane.  Participants were asked to cross their arms across their chest during testing to prevent them 
from holding on to the handles for support.  Following 3 sub-maximal warm-up contractions (that 
last 3-4 seconds each), participants performed 3 MVCs separated by a two-minute recovery 
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period.48  Instructions were given to the participants to "push" with their dominant leg as hard and 
as fast as they can against a lever arm for 3-4 seconds while receiving strong verbal encouragement. 
If pretension or countermovement was detected, an additional MVC was performed.  The highest 
peak torque (PT) value of the 3 MVCs was used for statistical analysis.  
 
Multi-joint Isometric Strength Testing 
 Peak force (N) was collected from a custom-built, isometric, leg press dynamometer.  The 
participants placed the distal end of the metatarsals of the dominant foot (without their shoe) 
directly over the load cell located in the middle of the force plate.  The foot was secured to the 
plate through the use of Velcro straps, so the participants could fully relax the leg while keeping 
the foot in place.  The nondominant leg remained fully relaxed on the ground with instructions 
given to not push their foot against the ground during contractions.  Participants sat in the leg press 
so that their hip, knee, and ankle joints were located within the same plane, with the knee joint set 
to 60 of knee flexion. The hip joint (90) was adjusted accordingly so that the participant was 
sitting upright at a position optimized for pushing against the force plate, while the ankle joint 
remained at 0 of plantarflexion and 0 of dorsiflexion.  Seatbelts were secured across the waist to 
restrict movement.  Participants were asked to cross their arms across their chest during each 
strength assessment.  Following 3 sub-maximal warm-up contractions (that last 3-4 seconds each), 
participants performed 3 MVCs with a two-minute recovery period between each muscle 
contraction. Instructions were given for the participants to "push" with the dominant foot as hard 
and as fast as they can against the force plate for 3-4 seconds.  Participants were given strong 
verbal encouragement during each contraction.  The highest peak force (PF) value of the 3 MVCs 
was used for statistical analysis.  
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Signal Processing 
Force (N) from the multi-joint dynamometer and torque (Nm) from the commercial 
dynamometer was sampled at 2kHz with a Biopac data acquisition system (MP150WSW, Biopac 
Systems Inc., Goleta, CA) and stored on a personal computer.  Custom-written software 
(LabVIEW 18, National Instruments, Austin, TX) was used to process all the signals offline.  The 
force and torque signals were corrected for baseline passive tension and filtered using a fourth 
order, zero phase shift low pass (150 Hz) Butterworth filter.49  Isometric peak force and torque 
were calculated as the highest 500 ms epoch during the MVC plateau.  
 
Weighted Stair Climb Assessment 
 During the weighted stair climb assessment (SC), participants ascended and descended a 
flight of stairs (26 steps, height=20 cm) four times for a total of 104 steps while wearing a 22.73 
kg weighted vest (Z Fitness, San Jose, CA) and athletic apparel as previously described.32  The 
vest was tightened to the body with Velcro straps around the lower torso.  Participants were asked 
to hit each step while ascending and descending and to touch both feet to the top or bottom step 
before proceeding to switch directions.  They were not allowed to hold on to the handrails to help 
with the task unless it was needed to help maintain balance.  Members of the research team were 
at the top and bottom of the stairwell to ensure that the participants followed the testing protocol.  
Verbal instructions were given to the participants to complete the task as safely and quickly as 
possible without stopping.  The time taken to complete the task was recorded with the timer starting 




Countermovement Vertical Jump Test 
 Maximum jump height (in), average velocity (m/s), and average power (W) output of each 
countermovement vertical jump (CMJ) were recorded.  A linear position transducer (Tendo Sports 
Machines, Trencin, Slovak Republic) was used to measure average velocity and average power 
along with a contact mat (Just Jump or Run, Probiotics, Inc., Huntsville, AL, USA) used to assess 
vertical jump height.50  The linear position transducer was attached to a belt that was tightened 
across the participant’s waist.  They were asked to stand with their feet shoulder width apart in the 
center of the mat, place hands on their hips, and squat down prior to jumping up.  Instructions were 
given to maximally jump as high as possible in the vertical direction.  Following 3 sub-maximal 
warmup jumps, participants were asked to perform three maximum vertical jumps separated by 1 
minute of rest in between each jump. If participants were displaced horizontally or laterally while 
in midair, an additional jump was performed.  The highest recorded value for each variable (i.e., 
jump height, average velocity, and average power) from the 3 maximum vertical jumps was used 
for statistical analysis.  
 
Star Excursion Balance Test 
 Participants performed the modified star excursion balance test (SEBT) on each leg in three 
different directions (i.e., anterior reach, posteromedial reach, and posterolateral reach) to assess 
balance.31 The distance reach was measured in centimeters.  Instructions were given to the 
participant to stand single-stance on the non-testing leg and reach forward with the testing leg to 
tap the ground in each respective direction and return to neutral position.  Hands were placed on 
the hip during the test.  Participants underwent six practice trials in each direction for both legs to 
account for learning effects.51  Testing order was standardized by starting on the right foot and 
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reaching in the anterior direction, followed by three trials on the left foot reaching in the anterior 
direction.  This procedure was repeated for the posteromedial and posterolateral reach directions.  
Testing began on one side and proceeded to the other leg when all trials were completed.  A trial 
was successful when the participant was able to maintain balance and control while standing on 
one leg for the entire duration of a trial and keeping the heel planted on the ground.  Right and left 
leg lengths were measured from the anterior superior iliac spine down to the medial malleolus to 
normalize reach distance to leg length.52  The composite distance reached for each trial with each 
leg was calculated, and the highest composite value for each leg was then normalized to leg length 
for statistical analysis.53 
 
Statistical Analysis 
All descriptive statistics were presented as means  standard deviation (SD). The Pearson’s 
product-moment correlation coefficient was used to evaluate the relationships between isometric 
muscle strength (single-joint and multi-joint) and each outcome of each functional measure of 
performance (i.e., weighted stair-climb, countermovement vertical jump, and star excursion 
balance test).  The Pearson’s product-moment correlation coefficient was also used to evaluate the 
relationships between both raw and normalized isometric muscle strength and each outcome of 
each functional measure of performance.  The Steiger Z calculation and Cohen’s q were used to 
determine if there was a significant difference and the difference between the relationships for 
each respective functional task.54,55  The alpha level was set at P  0.05 for statistical analysis.  All 
statistical procedures were performed using SPSS software (version 19.0, IBM SPSS Inc., Chicago, 
IL) and R version 3.6.1 (R Core Team, 2019) in conjunction with the psych (version 1.9.12, 









Forty-six participants enrolled in this study, however, two participants dropped prior to the 
familiarization session and three dropped after completing the familiarization session.  Participants 
withdrew because of time conflicts or the inability to comply with the testing guidelines.  Forty-
one healthy men and women (58.5% females; mean ± SD: age = 24 ± 5 years, stature = 170.6 ± 
10.6 cm, mass = 67.7 ± 13.6 kg, BMI = 23.1 ± 3.1 kg/m2) completed all the testing.  Demographic 
data and strength and performance variables are presented in Tables 1 and 2, respectively.   
 
Weighted Stair Climb Assessment 
The SC time was significantly associated (P < 0.01) with both the single- (r = -0.592) and 
multi- (r = -0.599) joint measures of strength.  SC time was also significantly associated (P < 0.01) 
with both single- (r = -0.519) and multi- (r = -0.588) joint normalized measures of strength.  For 
both the raw and normalized strength values, there was no significant difference (Steiger Z    
0.434, P  0.664; Cohen’s q  0.100) overall (Tables 3 and 4).  
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Countermovement Vertical Jump Test 
A significant relationship (P < 0.01) existed between the single- (r = 0.735) and multi- (r 
= 0.551) joint measures of strength with jump height.  When strength was normalized, there was 
a significant relationship (P < 0.01) for both the single- (r = 0.727) and multi- (r = 0.526) joint 
measures of strength.  For both raw and normalized strength, no significant difference (Steiger Z 
 1.472, P  0.141; Cohen’s q  0.338) existed (Tables 3 and 4).  
A significant relationship (P < 0.01) existed between average power with both the single- 
(r = 0.756) and multi- (r = 0.817) joint measures of strength.  When strength was normalized, a 
significant relationship existed for both the single- (r = 0.383, P = 0.013) and multi- (r = 0.516, P 
< 0.01) joint measures of strength.  For both raw and normalized strength, there was no significant 
difference (Steiger Z  0.729, P  0.466; Cohen’s q  0.167) overall (Tables 3 and 4).  
There was a significant relationship (P < 0.01) between both the single- (r = 0.541) and 
multi- (r = 0.503) joint measures of strength with average velocity.  When strength was normalized, 
there was a significant relationship (P < 0.01) for both the single- (r = 0.446) and multi- (r = 0.428) 
joint measures of strength.  For both raw and normalized strength, a significant difference (Steiger 
Z  0.228, P  0.820; Cohen’s q  0.052) did not exist (Tables 3 and 4).   
 
Star Excursion Balance Test 
 There were no significant relationships between the single- (r = 0.202, P = 0.211) and 
multi- (r = 0.065, P = 0.688) joint measures of strength with the distance reached by the left leg.  
When strength was normalized, there was no significant relationship between the single- (r = 0.311, 
P = 0.050) and multi- (r = 0.125, P = 0.444) joint measures of strength.  For both raw and 
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normalized strength, there was no significant difference (Steiger Z  0.843, P  0.399; Cohen’s q 
 0.196) (Tables 3 and 4).  
No significant relationships existed between both the single- (r = 0.139, P = 0.391) and 
multi- (r = -0.018, P = 0.912) joint measures of strength with the distance reached by the right leg.  
When strength was normalized, there were no significant relationships for the single- (r = 0.265, 
P = 0.098) and multi- (r = 0.054, P = 0.739) joint measures of strength.  For both raw and 
normalized strength, a significant difference (Steiger Z  0.935, P  0.350; Cohen’s q  0.217) did 












 The primary findings of this study suggest that performance in the weighted SC assessment 
(i.e., time) and countermovement vertical jump test (i.e., height, average power, and average 
velocity) were moderately correlated to the single- and multi-joint measures of strength, while 
performance in the star excursion balance test (i.e., normalized composite distance reached) for 
both legs were not associated with both of the strength assessments.  It was hypothesized that the 
multi-joint strength assessment would be more strongly associated with all the functional task 
outcomes, however, the results indicated that there was no significant difference in the 
relationships between each respective functional task and the strength assessments.   
 The results of the current study indicated that both absolute and normalized leg extension 
PT and leg press PF were significantly related to SC time (r = -0.519 – -0.599).  Previous authors 
have suggested that lower limb strength, in addition to a multitude of other factors, such as balance 
or proprioception, is a significant contributor to the ability to ascend and descend stairs.56,57  
Contrary to the current findings, the majority of past literature indicate that absolute lower 
extremity strength is not significantly related to SC performance in firefighters.58–60  However, it 
is worth noting that these studies measured SC performance as one part of an overall assessment 
of firefighter ability in various tasks (i.e., simulated physical abilities testing).58–60  On the other 
hand, when strength was normalized to body mass, a previous study has reported a significant 
relationship (r = -0.421) between relative strength and stair climb performance in firefighters.61  
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The methods used by Laffan et al. closely matched the ones in the current study, with the exception 
that the study was conducted in career firefighters.61  These contrasting findings may be because 
of how strength was expressed (absolute vs relative) and/or the training status of the participants.  
For example, previous literature has indicated the importance of accounting for body mass when 
studying the relationship of strength to movements that require propelling body mass like in the 
SC.62,63    In addition, it is important to note that the current participants in the current study were 
untrained with low levels of physical activity, whereas the study by Laffan et al. included 
participants with a wide range of training backgrounds.61 
 The results of the current study demonstrated that both absolute and normalized leg 
extension PT and leg press PF were significantly related to vertical jump height (r = 0.526 – 0.735), 
average power (r = 0.383 – 0.817), and average velocity (r = 0.428 – 0.541).  In general, possessing 
greater lower body strength increases the power to propel the body mass during jumping, which 
in turn influences CMJ performance outcomes.64  These findings for jump height are similar but a 
little higher than what was reported in previous studies (r = 0.42 – 0.57) in male postgraduate 
students, junior basketball players, and professional soccer players at various knee joint angles 
(90 – 120).25,65,66  Marcora et al. specifically examined the effects of leg extension PF measured 
at different knee angles on its relationship to countermovement jump height and concluded that 
the non-significant correlation value at 90 but not 120 was the result of the lack of similarity to 
the biomechanical specificity of the knee exhibited during the jump.25  Thus, it is likely that the 
testing joint angles in the current study may more closely resemble the joint angles during the CMJ.  
Interestingly, our findings demonstrated that the association between normalized measures of 
strength and CMJ performance were lower than absolute strength, which is inconsistent with past 
studies.  Similar to mentioned above for SC, previous studies have suggested that CMJ 
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performance may be more related to relative measures of strength that account for body mass than 
absolute strength.27,62,63,67,68  However, other literature also suggests that body mass has no 
confounding impact on jump performance variables, such as velocity and height, while having a 
minor influence on power output.69,70  The discrepancies across these findings may be because of 
the differing biomechanical specificity in different measurement modalities (i.e., extension peak 
torque and peak force, midthigh pull 1-Repetition Max, and extension RTD) to predict CMJ 
performance.25,27,63,67  In addition, the different training status of each of the populations examined 
may influence these relationships.71   
 In contrast to the previous findings with SC and VJ performance, absolute and normalized 
leg extension PT and leg press PF were not significantly related to the normalized distance reached 
by both legs during the SEBT.  The current findings are similar to past literature that have also 
indicated that SEBT performance is not significantly related to lower extremity strength but is 
rather better predicted by dynamic balance (i.e., the ability to maintain balance on Airex pads), 
neuromuscular control, and greater degree of hip and knee flexion when performing the SEBT 
assessment.72–74  For example, in a study that compared SEBT performance between female 
collegiate soccer players and a control group, Thorpe et al. found that while being athletically 
trained plays a role in better SEBT performance and higher normalized PT values, overall, lower 
extremity strength was not significantly related to SEBT performance across both groups.72  It is 
possible that SEBT performance may be more dependent on vision, proprioception, the position 
of the vestibular system, and muscle activation then muscular strength.72,75,76   However, there has 
been one study that found a significant positive association between quadriceps strength and SEBT 
performance, but it is worth mentioning that it was only for the posterolateral direction and was in 
individuals that had previously underwent anterior cruciate ligament reconstruction.77  The control 
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group within the same study reported no significant associations between quadriceps strength and 
SEBT performance.77   
 The results of the current study suggested that there is no significant difference between 
the single- and multi-joint relationships to each respective functional task outcome (i.e., SC time, 
CMJ height, CMJ average power, CMJ average velocity, and SEBT composite distance reached).  
It was originally hypothesized that the multi-joint measure of leg press isometric strength would 
be more strongly associated with performance on the functional tasks because of a greater degree 
of resemblance to the biomechanical specificity of the tasks.11,25  However, the lack of significant 
differences between these two muscle strength assessments may be because they do not require 
participants to support one’s body mass in the upright position and because isometric strength is 
most influenced by knee joint angles, which was 60º for both methods in this study for optimal 
quadriceps strength.11,28,78   Furthermore, it is possible that differences between strength testing 
modalities may be more apparent when examining explosive strength variables, such as the rate of 
force development.  For example, Thompson et al. demonstrated that when measuring the rate of 
torque development through different strength testing modalities, one assessment would 
sometimes be able to better predict performance in a particular functional task.28 
 In summary, traditional measures of single-joint isometric leg extension PT and multi-joint 
leg press PF are similarly related to CMJ and SC performance, but not SEBT performance.  Future 
studies are needed to determine if knee joint angle is the most important variable when considering 
isometric strength testing, and if other variables, such as explosive strength, are more influenced 
by testing modalities when predicting performance on various functional tasks.    
 32 
Table 1. Participant Demographics 
 
Subjects Age (years) Stature (cm) Mass (kg) BMI (kg/m2) 
Male (n=17) 25 ± 6 180.4 ± 6.8 77.7 ± 14.1 23.77 ± 3.37 
Female (n=24) 23 ± 4 163.8 ± 6.6 60.7 ± 7.7 22.66 ± 2.81 





Table 2. Mean and Standard Deviation of Strength Variables and Functional Task Outcomes 
 
Variable Mean Standard Deviation n 
Peak Force (N) 1663.45 701.19 41 
Normalized Peak Force (N) 24.02 6.84 41 
Peak Torque (Nm) 165.64 60.41 41 
Normalized Peak Torque (Nm) 2.42 0.62 41 
Stair Climb Time (s) 99 23 41 
Jump Height (in) 13.80 3.56 41 
Average Power (W) 842.34 264.85 41 
Average Velocity (m/s) 1.26 0.19 41 
Normalized Left Leg Distance (cm) 2.80 0.27 40* 
Normalized Right Leg Distance (cm) 2.77 0.26 40* 












Steiger Z P value Cohen’s q 
Stair Climb Time -0.599* -0.592* 0.047 0.962 0.011 
Jump Height  0.551* 0.735* 1.394 0.163 0.320 
Average Power 0.817* 0.756* 0.701 0.483 0.161 
Average Velocity 0.503* 0.541* 0.228 0.820 0.052 
Normalized Left Leg Distance 0.065 0.202 0.601 0.548 0.140 
Normalized Right Leg Distance -0.018 0.139 0.679 0.497 0.158 




















Stair Climb Time -0.588** -0.519** 0.434 0.664 0.100 
Jump Height 0.526** 0.727** 1.472 0.141 0.338 
Average Power 0.516** 0.383* 0.729 0.466 0.167 
Average Velocity 0.428** 0.446** 0.097 0.923 0.022 
Normalized Left Leg Distance 0.125 0.311 0.843 0.399 0.196 
Normalized Right Leg Distance 0.054 0.265 0.935 0.350 0.217 
* Correlation is significant at the 0.05 level (2-tailed). 
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